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Abstract
Colorectal cancer (CRC) is fourth most common cancer
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in men and third in women worldwide. Developing a
diagnostic panel of sensitive and specific biomarkers
for the early detection of CRC is recognised as to be
crucial for early initial diagnosis, which in turn leads
to better long term survival. Most of the research on
novel potential CRC biomarkers in the last 2 decades
has been focussed on stool DNA analysis. In this paper,
we describe the recent advances in non-invasive CRC
screening and more specifically in molecular assays
for aberrantly methylated BMP3 and NDRG4 promoter
regions. In several research papers these markers
showed superior rates for sensitivity and specificity in
comparison to previously described assays. These tests
detected the majority of adenomas = 1 cm in size and
the detection rates progressively increased with larger
adenomas. The methylation status of the BMP3 and
NDRG4 promoters demonstrated effective detection of
neoplasms at all sites throughout the colon and was
not affected by common clinical variables. Recently,
a multitarget stool DNA test consisting of molecular
assays for aberrantly methylated BMP3 and NDRG4
promoter regions, mutant KRAS and immunochemical
assay for human haemoglobin has been made com-
mercially available and is currently reimbursed in the
United States. Although this is the most sensitive non-
invasive CRC screening test, there is the need for
further research in several areas - establishment of
the best timeframe for repeated DNA stool testing;
validation of the results in populations outside of North
America; usefulness for surveillance and prognosis
of patients; cost-effectiveness of DNA stool testing in
real-life populations.
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Core tip: Developing a diagnostic panel of sensitive and
specific biomarkers for the early detection of colorectal
cancer (CRC) is recognised as to be crucial for early
initial diagnosis, which in turn leads to better long term
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survival. In this paper, we describe the recent advances
in non-invasive CRC screening and more specifically in
molecular assays for aberrantly methylated BMP3 and
NDRG4 promoter regions. These markers show superior
rates for sensitivity and specificity in comparison to
previously described assays.
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EDITORIAL

Colorectal cancer (CRC) is fourth most common cancer
in men and third in women worldwide with highest
incidence in developed and newly developed countries
and lowest rates in less economically advanced
countries such as India™?. Morbidity and mortality
associated with colorectal cancer can be reduced
by applying lifestyle changes together with targeted
screening programs and early therapeutic intervention.
CRC screening programs have been adopted in United
States'”, Canada™ and some European countries'®.
While several screening options are provided in the
United States”®, the most recent European Council
directive on CRC screening recommends only faecal
occult blood test (FOBT) as initial step offered to
individuals aged 50 to 74. Various screening strategies
are used in different countries, thus giving the
opportunity to assess their cost-effectiveness and
explore the possibilities to improve the process'®?,

The cost-effectiveness of colorectal cancer screening
has been analysed in two independent review papers.
Based on their findings, CRC screening is clearly cost-
effective compared with the “no screening” strategy.
However, it is still unclear which screening method
is the most effective. The last review concluded that
newer modalities such as CT colonography, capsule
endoscopy and DNA stool testing were not yet cost-
effective compared to the established options (FOBT,
colonoscopy, sigmoidoscopy, barium enema)™®,

Developing a diagnostic panel of sensitive and
specific biomarkers for the early detection of CRC is
recognised as to be crucial for early initial diagnosis,
which in turn leads to better long term survival™?.
Patients with localised disease (Duckes I and IIA)
have about 90% 5-year survival. Flexible colonoscopy
is considered to be the gold standard screening option,
but it is an invasive procedure, it has the highest
complication rates from all screening modalities, it
misses about 5% of CRC, and it is relatively expensive.
All the available CRC screening modalities appear to be
underused due to various reasons, but many patients
do not want to undergo colonoscopy in particular due
to fear of pain, discomfort or embarrassment*. FOBT
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used in population-based screening was the first widely
available and cheap non-invasive option. However, it
requires multiple tests and has suboptimal efficacy™".
In the last few years, the use of more sensitive and
specific methods such as faecal immunochemical
test (FIT) or high-sensitivity guaiac-based faecal
occult blood testing (hsFOBT) has been favoured by
guidelines and panel recommendations®***”,

The matter of potential patient acceptance and
interest in a hypothetical multiorgan stool-DNA test
(MUST) for pan-digestive cancer screening was
studied recently!®. The authors designed a special
29-item survey questionnaire related to demographics,
knowledge of digestive cancers, personal and family
history of cancer, personal concern of cancer, CRC
screening behaviour, interest in MUST, importance
of test features in a cancer screening tool, and
comparison of MUST with available CRC screening
tests. The questionnaire was mailed to 1200 randomly-
selected patients from the Mayo Clinic registry. The
survey was completed by 434 participants. MUST was
preferred over other tests by 98% of the responders.
In general, non-invasive tests (MUST, colorectal-only
stool-DNA testing, and FOBT) were preferred over the
invasive tests (colonoscopy, flexible sigmoidoscopy,
and barium enema). Patients reported that they
preferred MUST, because there was no need for bowel
preparation and sedation, no risk of complications and
due to satisfactory test accuracy. Hence, identification
of novel biomarkers that are simple, non-invasive,
cost-efficient, and highly specific and sensitive and
their implementation into clinical practice would be of
great clinical benefit!*"’,

Ideally, the potential biomarker should be
sensitive for detection of adenomas and allow early
CRC diagnosis. Furthermore, the marker should be
chemically stable to allow transportation and not
to be affected by clinical variables such as patients’
race, ethnicity, age, chronic disorders, habits or
environmental factors. It would be of additional benefit
if the potential biomarker had some prognostic value
and allowed surveillance after surgery. Most importantly,
the test results should allow simple interpretation, thus
ensuring smooth translation into clinical practice.

Most of the research on novel potential CRC
biomarkers in the last 2 decades has been focussed
on stool (faecal) DNA analysis®®. There have been
three major genetic mechanisms identified to be
involved in early CRC and precancerous colorectal
lesions: (1) chromosomal instability due to mutations
in APC, KRAS and TP53; (2) microsatellite instability
due to loss of function in mismatch repair genes;
and (3) DNA methylation, which is an epigenetic
alteration leading to promotor hypermethylation and
subsequent suppression of gene transcription!®!.
The testing strategy has gradually evolved, with
KRAS initially targeted as a single marker in the
1990s. Later, a lot of research was conducted on Wnt
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signalling pathway and microsatellite instability, but
it was not as successful as expected. Lately, most of
the research has been focussed on methylated genes
such as vimentin, TFPI2 and NDRG4, BMP3 and
SFRP2[2122,

The role of NDRG4 as tumour suppressor gene
was first addressed in 2009 by Melotte et a**. They
studied NDRG4 promoter methylation in human
colorectal cancer cell lines, colorectal tissue and normal
colonic mucosa. Methylation of the promoter region
occurred in 70%-86% of CRC tissues compared with
4% in non-cancerous colonic mucosa. In stool DNA,
methylated NDRG4 showed a sensitivity of 61% and
53% for detecting CRC in training and validation sets,
respectively, with corresponding specificities of 93%
and 100%™,

The first evidence for the importance of BMP3
inactivation in early polyp formation and colorectal
tumour development has been first published by Kim
Loh in 2008. The authors observed aberrant BMP3
hypermethylation in 33/60 (55%) tumours. They
noticed that this event was highly correlated with
microsatellite instability (P < 0.01), the CpG Island
Methylator Phenotype (P < 0.01), BRAF oncogene
mutation (P < 0.01), and proximal tumour location
(P < 0.001). Their observation suggested that BMP3
is an attractive target for the future development of
molecular blood and/or stool screening tests for the
early detection of lesions with neoplastic potential®®".

A small study investigating stool DNA testing of
BMP3 and NDRG4 hypermethylation for monitoring
after CRC resection has been published recently. The
authors demonstrated that methylated gene markers
in the stool samples from 14 patients with CRC and
elevated pre-operative levels decrease after surgery
unless disease is still present or recurring®>.

In 2012, Ahlquist et a/®® performed a blind,
multicentre, case-control study using stool samples
from 252 patients with CRC, 133 with adenomas =
1 cm, and 293 individuals with normal colonoscopy
results (controls). Their study included four methylated
genes (vimentin, NDRG4, BMP3, and TFPI2), mutant
KRAS, a reference gene B-actin, and haemoglobin. By
the use of this panel, they identified 85% of patients
with CRC and 54% of patients with adenomas = 1
cm in size with 90% specificity. One of the important
findings of the study was that the DNA test detected
the majority of adenomas = 1 cm and the detection
rates progressively increased with larger adenomas.
Other important finding was that the test showed
effective detection of neoplasms at all sites throughout
the colon. In comparison to other routine screening
methods, this test showed higher performance and
sensitivity rates for proximal colon neoplasms®®. In
another study, Ahlquist et a/’*”! demonstrated the
effect of common clinical variables on the same four
candidate methylation markers. The methylation levels
of all four markers increased with age, P < 0.0001.
The relative increase per standard deviation of age
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was greatest with TEPI2 at 49.4% and least with
BMP3 at 0.21%. The four markers were not affected
by smoking, alcohol consumption, NSAIDs, personal
or family history of colorectal neoplasia or body mass
index variations. It could be concluded that only the
least affected by clinical variables markers could be
recommended for further studies and proposed for the
CRC screening.

Eventually, in a large study published in 2014,
Imperiale compared a multi- target stool DNA test
with a commercial FIT among a large number of
asymptomatic subjects at average-risk for CRC (n
= 9989). The authors simulated a real life screening
scenario and applied powerful statistical tools to
evaluate the true performance of the test used. The
multitarget stool DNA test consisted of molecular
assays for aberrantly methylated BMP3and NDRG4
promoter regions, mutant KRAS, and p-actin (a
reference gene for human DNA quantity), as well as
an immunochemical assay for human haemoglobin.
The sensitivity of the DNA test for the detection
of CRC reached 92.3% and 42.4% for advanced
precancerous lesions. FIT screening test detected 74%
of cancers and 24% of advanced adenomas. The DNA
test showed higher sensitivity, while FIT was more
specific and had higher rate of successfully processed
samples!?®*%,

Subsequently, the test was approved by FDA in
August 2014, has been made commercially available
as Cologuard™ and is currently reimbursed by
Medicare in the United States as part of the CRC
screening under the Affordable Care Act. Cologuard™
has been approved for screening of average risk,
asymptomatic individuals aged 50-85 and Medicare
pays for the test to be done every 3 years®®. This
is the first commercially available DNA stool test to
become a part of a national screening programme. At
present, there is insufficient data to comment whether
the 3 year period for repeated testing is adequate or
not.

CONCLUSION

Recent advances have made it possible for a combined
FIT and multitarget DNA stool test to become
commercially available and reimbursed as a part of
the CRC screening in the United States. The approval
was based on the results of a large cross-sectional
study in North America. The statistical analysis of the
clinical data was consistent with significantly increased
sensitivity (nearly 20% in absolute terms) at the
cost of somewhat decreased specificity compared to
FIT alone. Up to date this is the most sensitive non-
invasive CRC screening test available. However, further
research seems to be needed in several areas: (1)
to establish the best timeframe for repeated DNA
stool testing; (2) to validate the results in populations
outside of North America; (3) to establish if any of the
DNA stool markers can be used for the surveillance of
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patients after a CRC surgery with curative intent; and
(4) to determine how cost-effective is DNA stool testing
in real-life populations. Moreover, further DNA stool test
panels are likely to become commercially available in
the next years and will need to be clinically validated.
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